Cardiac disease and type 2 diabetes are prevalent diseases globally. Cardiac rehabilitation and diabetes selfmanagement programs empower patients' self-management to improve their health outcomes. However, inappropriate delivery modes and continuing low participation rates indicate some programs are less than optimal. A previous study demonstrated the feasibility of incorporating telephone and text messages into a cardiacdiabetes self-management program in Australia; however, the program did not specifically address patients' cultural backgrounds. This current study used a randomized blocked design to evaluate short-term efficacy of the cardiac-diabetes self-management program incorporating telephone and text-messaging across different cultural contexts in Australia and Taiwan in comparison to usual care. No significant differences between groups were observed for outcomes of self-care behavior, self efficacy, knowledge and health-related quality of life, with patients in both groups demonstrating improvements. Patient-reported outcomes indicated some evidence of an interaction effect between country of origin and group allocation. Findings indicated an improved tendency of outcome measures between the baseline and follow-up assessments within usual care and intervention groups. Further research is required to clarify components of the program work for each cultural group.
INTRODUCTION
People with cardiac diseases and type 2 diabetes often have a poorer quality of life and higher hospital admission and mortality rates compared to patients with a singular condition (Wu & Chang, 2008 ; Australian Institute of Health and Welfare, 2014) . Over recent decades, numerous studies have evaluated strategies to improve outcomes in people with these conditions, with growing recognition of the need to influence their health behaviors. Information technology has increasingly been adopted within current cardiac rehabilitation and diabetes self-management programs. Inexpensive and userfriendly technology such as telephone contact and text messaging have been used to improve the efficiency of meeting the complex needs of people with cardiac and diabetes conditions (Beatty et al., 2013; Whitehead & Seaton, 2016) .
A previous study demonstrated the feasibility of an integrated cardiac-diabetes self-management program incorporating telephone contact and text message follow-up (T-CDSMP) . Further challenges have subsequently been identified during our previous studies using different forms of technology, such as DVDs, websites, telephone, and text message services, as well as using different delivery modes . One of the concerns raised with the cardiac-diabetes self-management program that was developed in an Australian English-speaking context was its lack of consideration for people from diverse cultural backgrounds. The potentially unequal balance between caring and technology to address complex patient needs has been recognized (Wu & Ray, 2016) .
Literature review
Cardiovascular disease and type 2 diabetes are two of the most prevalent diseases worldwide. The prevalence of cardiovascular disease (CVD) in adult Australians is estimated at 22%, and 30% of Australians with CVDs have comorbid diabetes (Australian Institute of Health and Welfare, 2014; . Given the global burden of cardiac disease and diabetes, mobile technology that delivers self-management intervention programs to improve health outcomes for people with cardiovascular disease, diabetes, and other chronic diseases have been implemented (Dale et al., 2014; Whitehead & Seaton, 2016) . Previous studies have highlighted the value of cardiac rehabilitation and diabetes self-management programs in reducing unplanned hospital admissions and for improving psychological wellbeing, self-efficacy, self-care behavior, and quality of life (Australian Institute of Health and Welfare 2014; Powers et al., 2015) .
Despite the rich evidence-base of single-condition cardiac rehabilitation programs or diabetes self-management to improve outcomes (Heinrich et al., 2010; Karmali et al., 2014; Taylor et al., 2015) , few studies have specifically addressed the need to consider people with comorbidities such as cardiac disease and diabetes (Liddy et al., 2014) . Existing tele-health cardiac rehabilitation programs and recent studies evaluating such programs, including the Coaching Patients on Achieving Cardiovascular Health (COACH) study (Vale et al., 2003) , the Choice of Health Options in Prevention of Cardiovascular Events (CHOICE) program (Redfern et al., 2009 ), a telephone-delivered secondary prevention program for myocardial infarction patients (ProActive Heart) (Hawkes et al., 2013) , and the Tobacco, Exercise and Diet Messages (TEXT ME) trial (Chow et al., 2015) , have neither specifically addressed diabetes nor demonstrated improvements in glycemic control. A randomized controlled trial to investigate the feasibility of a T-CDSMP was undertaken in Australia, and significant improvements in self-efficacy were found . Feedback received from stakeholders in this previous study also indicated that implementing such a program for people from non-English-speaking backgrounds, such as a Chinese population, was warranted.
It has been reported that South Asians are likely to develop dysglycemia and dyslipidemia (Patel et al., 2016) . With the considerable prevalence, mortality rate, and healthcare cost of cardiac disease and diabetes in Taiwan, a program adapting T-CDSMP testing in different cultural contexts has been undertaken (Ministry of Health and Welfare, 2014; . Promoting self-management for cardiac patients with type 2 diabetes focuses not only on improving patient knowledge, but also on providing skills to enhance self-management behaviors. This study addresses a gap in the literature pertaining to the potential for cultural adaption of the T-CDSMP intervention for improving self-efficacy and selfmanagement behaviors, consequently improving the quality of life in this patient group. The T-CDSMP in this study was developed for people from English and non-English-speaking countries with a similar prevalence of cardiac and diabetes diseases.
Study aim
The study evaluated the short-term effectiveness of the T-CDSMP for cardiac patients with diabetes in Australia and Taiwan, and investigated the potential three-way interaction effect between country, intervention, and timing of assessment. The outcomes were self-efficacy, self-management behaviors, knowledge, and health-related quality of life.
METHODS

Design
The protocol for this trial has previously been reported (Wu et al., 2013) . In summary, a two-parallel arm randomized block (by country) design was used to evaluate the effectiveness of the T-CDSMP in addition to usual care (Fig. 1) .
The intervention delivered two face-to-face individual sessions of approximately 30 min each to provide an explanation of diagnoses, reasons for admission, assist patients to understand the relationship between cardiac disease and diabetes, provide booklets with case studies to foster skills, and the opportunity to reflect on their own practice. A personal telephone follow-up lasting 30-40 min was used to strengthen each participant's knowledge and self-management skills, as well as to provide ongoing support and an opportunity to discuss further concerns the person might have after being discharged from hospital. One-way text-message reminders with no subject were used to reinforce and facilitate communication between participants and the research nurses. The usual care for Australian patients included receiving in-hospital cardiac educational information, and the patients were referred to diabetes educators for diabetes-specific education as deemed necessary by the treating clinical team. Similar cardiac education was provided for Taiwanese participants, but they also received a diabetes management introduction pamphlet without formal face-to-face patient education. Sites in the two countries were included in the trial to examine the potential for differential effects of the intervention among people from these different societal contexts (Portney & Watkins, 2009 ).
Settings
The study was a collaborative project between universities and hospitals in Queensland, Australia and the east coast of Taiwan. Participating hospitals included Mater Health Services, the Royal Brisbane and Women's Hospital in Australia, and Tzu Chi Hospital in Taiwan.
Participants
The sample included 181 participants recruited from hospitals in Australia (91 participants) and Taiwan (90 participants). Inclusion criteria were: presenting to hospital with acute coronary syndrome and comorbid type 2 diabetes, access to a mobile phone, able to read and converse in English (for Australians) or Chinese (for Taiwanese), aged over 18 years, and deemed medically stable by their treating medical team. Patients were excluded if they were critically ill, unconscious, or on a respiratory ventilator. Patients who had an inpatient stay greater than 14 days were excluded from a planned per-protocol analysis (as these patients were not going to be home to receive the first telephone call at the scheduled time); however, these patients were included in the intention-to-treat analysis.
ETHICAL CONSIDERATIONS
This study received full ethics approval from the human research ethics committees of the Royal Brisbane and Women's Hospital (#HREC/10/QRBW479), Mater Health Services (#1662A), the Queensland University of Technology (#1100000297), and Buddhist Tzu Chi General Hospital institutional review board (#IRB099-112). Principal ethics considerations included voluntary participation; obtaining informed consent; freedom to withdraw at any time without penalty; ensuring privacy and confidentiality of any information collected, including secured storage and reporting of data in a non-identifiable format; and access only by authorized researchers involved in the study. Ethical integrity complied with the Helsinki Declaration. The study protocol was registered with the Australia and New Zealand Clinical Trials Registry (ACTRN12611001196932), and a study protocol paper has been published (Wu et al., 2013) .
Intervention
Both groups received the usual care interventions provided by the clinical teams at each participating hospital. Participants allocated to the T-CDSMP group received this intervention in addition to the usual care offered at each participating facility. The content of the T-CDSMP intervention was based on a theoretical cardiac-diabetes self-management program developed by members of the present research team for patients with cardiac disease and type 2 diabetes admitted to a coronary care unit (Wu et al., 2009) . Using a theory-based framework, a self-efficacy model of Bandura's Social Cognitive Theory (Bandura, 1986) , was imperative for facilitating consistency of the program for different cultural groups (Wu & Chang, 2014) .
The key features of cardiac rehabilitation and diabetes self-management programs, including the provision of training, skills for reducing modifiable risk factors, anxiety, symptom management, improving physical activity, and accessible resources, have been included in the T-CDSMP (National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand, 2012). The T-CDSMP implemented in both countries consisted of three delivery modes: two face-to-face hospital sessions and providing booklets with case studies while patients were in hospital, one telephone call one week after discharge from hospital, and two text-messages after the telephone follow-up.
Case studies applying self-efficacy strategies to develop problem-solving approaches were illustrated in booklets. The English and Chinese versions were developed to encourage participants to apply strategies of mastery, vicarious experience, and verbal persuasion to develop problem-solving skills. The English version of this intervention program has previously been associated with improvement in knowledge of disease management principles (Wu et al., 2009) . The English-version booklet titled: Refocusing your life after your coronary care admission-Take it from here was translated into a Chinese version and the contents were then back-translated by the two bilingual chief researchers in Australia and in Taiwan to ensure the actual meanings were appropriate in the Chinese context.
To promote consistent implementation of the intervention across countries, research nurses providing the intervention were trained by the bilingual lead investigator. With consideration given to the different cultural contexts, a chief investigator for each country was identified to oversee and monitor the intervention delivery. Regular face-to-face contacts via Skype or in-person visits among investigators and research staff across sites and countries also promoted consistent intervention delivery.
Outcome measures
The co-primary outcomes of interest were self-management practice and self-efficacy measured by the summary of diabetes self-care activities (Toobert et al., 2000; Xu et al., 2008) , and self-efficacy scale (McDowell et al., 2005; Wu, 2008) . Secondary outcomes were condition-related knowledge and healthrelated quality of life (Department of Medical Statistics and Epidemiology SYSU, 1999; Murphy et al., 2000; Persell et al., 2004) . English and Chinese versions of self-reported questionnaires were used. Permission to use all measurements was obtained.
DATA COLLECTION AND PROCEDURES
The details of data collection were reported in our protocol paper (Wu et al., 2013) . Potential participants were approached for informed consent prior to participation. The study included a baseline assessment (Time 1), followed by a second assessment one month after discharge from hospital (Time 2). The baseline assessment occurred in hospital after informed consent was obtained and participants were medically stable, but prior to randomization. A research assistant who was blinded to group allocation and was not involved in providing the intervention collected the data. The computer-generated randomization sequence (1:1 group ratio, two location blocks) was prepared by a statistician not otherwise involved in the study and concealed until allocation in sequentially numbered opaque envelopes.
Sample size estimation
The pre-specified sample size estimation was reported in the study protocol (Wu et al., 2013) . Calculations were conducted based on estimates to detect a difference in primary outcomes between groups at either location. Given the repeated measures nature of the data and dual locations, this investigation had greater than 90% power to detect a main effect for the entire sample, and differences between location blocks (assuming at least 90 participants in each country for a total sample of at least 180 participants).
DATA ANALYSIS
Prior to the commencement of data analysis, group (intervention or control) and location (Australia or Taiwan) variables were re-coded to a pair of numbers between one and 10 to which the data analyst was blinded. The study protocol included a primary intention-to-treat analysis and scope for a planned per-protocol analysis (if necessary) excluding patients with a length of stay greater than 14 days. However, only two patients in the sample had a length of stay greater than 14 days, and findings were consistent regardless of the inclusion or exclusion of these two participants in all analyses. Therefore, findings from the intention-to-treat analyses are presented.
Conventional tests of hypotheses were used to examine potential differences at baseline between study groups and countries that may have required adjustment in subsequent analyses. Analysis of variance/covariance (or non-parametric equivalents) were planned a priori to investigate potential three way interactions between effects of group allocation, country location, and assessment time-point (post-intervention follow-up or baseline) for the primary and secondary outcomes. For the purpose of interpreting these potential interaction point-estimates of effect, the baseline assessment among control participants in Taiwan was used as the reference point. Examination of data distributions and model residuals indicated that analysis of variance/covariance assumptions were not met for these models examining the potential effects of group allocation, country, and assessment time-point on both the raw primary or secondary outcomes. Therefore, generalized linear models were used as a suitable alternative to undertake the equivalent statistical investigations, while appropriately taking into account assumptions about the prevailing data distributions (Bernhardt et al., 2015) . Data analysis was undertaken using SPSS version 21 and Stata 13 with an alpha of 0.05. Multiple imputation using chained equations (M = 20) permitted the inclusion of participants who may have inadvertently missed individual questionnaire items during an assessment to be retained in analyses (Bernhardt et al., 2015) .
RESULTS
Sample characteristics
A total of 181 participants were recruited across the two countries, 91 people in Australia, and 90 people in Taiwan. All participants completed baseline and follow-up assessments (Fig. 1) . Although clinical characteristics of eligible participants recruited to the study were consistent between Australia and Taiwan, potential differences were observed in gender distribution and relationship status. There were more men (n = 63, 69%) in the Australian compared with the Taiwan sample (n = 48, 53%, χ
2
[2] = 4.8; P = 0.03), and there were more Taiwanese participants who were in a marriage or partner relationship (n = 75, 83%) than Australian participants (n = 54, 59%, χ
[2] = 12.7; P = 0.02). As a result of group randomization within each block, there were no differences in sample characteristics between the intervention and usual care groups (Table 1 ). Gender and relationship status were included as covariates for adjustment in the statistical models examining the study aims regarding potential interactions between country, group allocation, and assessment timepoint.
Self-management behaviors
The median (interquartile range, IQR) score for selfmanagement behaviors was 34 (23-47) at the baseline assessment. Mann-Whitney U tests did not detect a significant difference between groups at baseline (P = 0.08), but did indicate a higher self-management behavior score (P < 0.001) in participants from Australia (median = 43, IQR 31-52) compared with participants from Taiwan (median = 34, IQR 23-47) at baseline. The median (IQR) self-efficacy score at the post intervention follow-up assessment for the entire sample was 43 (31-53). Poisson regression indicated that this was significantly higher (P < 0.001) at the follow-up assessment for the entire sample (coefficient, 95% confidence interval [CI] = 0.18, 0.12-0.25). The three-way interaction term effect point estimates (expressed as coefficient, 95% CI, and referent being Taiwan, control group at baseline) indicated that in the participants from Taiwan, the effect of the intervention at the follow-up assessment was slightly higher for the usual care (0.43, 0.34-0.52) than the intervention group (0.33, 0.23-0.42). In contrast, the self-management behavior scores were likely to be higher by a similar margin for Australians in the usual care (0.47, 0.37-0.59) or intervention (0.52, 0.40-0.64) groups. This finding is consistent with the intervention (in addition to usual care) having had no significant benefit on selfmanagement behaviors beyond that observed in the usual care group for participants from either Taiwan or Australia.
Self-efficacy
The median (IQR) for the sum of the self-efficacy scale items was 129 (81-167) at the baseline assessment. Mann-Whitney U tests indicated no difference between the groups (P = 0.61) at baseline, but the self-efficacy scale score was higher (P < 0.001) in participants from Australia (median = 163, IQR 131-182) than participants from Taiwan (median = 84, IQR 60-126) at baseline. The median (IQR) self-efficacy score at the post intervention follow-up assessment for the entire sample was 141 (89-170). Poisson regression analysis indicated that this was significantly higher (P = 0.04) at the follow-up assessment for the entire sample (coefficient, 95% CI 0.04, 0.00-0.07). However, the three-way interaction term effect point estimates (expressed as coefficient, 95% CIs, and referent being Taiwan, control group at baseline) indicated that selfefficacy was likely to be higher by a similar margin at the follow-up assessment in participants from Taiwan in both the usual care (0.23, 0.02-0.44) and intervention (0.19, À0.03-0.42) groups. Similarly, self-efficacy scores were likely to be higher at the follow-up assessment for Australians allocated to the usual care (0.56, 0.50-0.62) or intervention (0.59, 0.54-0.65) group. This finding is consistent with the intervention (in addition to usual care) having had no significant benefit on self-efficacy beyond that observed in the usual care group for participants from either Taiwan or Australia.
Knowledge
The median (IQR) for the knowledge of condition score for the whole sample was 5 (3-6) at the baseline assessment. Mann-Whitney U tests indicated no difference between the usual care and intervention groups (P = 0.71) at baseline, but the score was higher (P < 0.01) in the Australian sample (median = 5, IQR range 4-6), than the sample from Taiwan (median = 4, IQR 1-5) at baseline. At the post-intervention follow-up assessment, the bottom quartile of the IQR was slightly higher for the entire sample, with a median (IQR) of 5 (4-6). Poisson regression indicated that this modest improvement in knowledge scores at the second assessment was statistically significant (P < 0.01) for the entire sample (coefficient, 95% CI = 0.14, 0.04-0.24). However, three-way interaction term (Poisson regression) point estimates (expressed as coefficients, 95% CIs with the reference point being the Taiwan control group at baseline) indicated that knowledge was likely to be higher by a similar margin at the follow-up assessment in participants from Taiwan in both the usual care (0.23, 0.02-0.44) and intervention (0.19, À0.03-0.42) groups and Australians in the usual care group (0.22, 0.02-0.43). On the other hand, this point estimate was slightly higher at the follow-up assessment for Australians allocated to the intervention (0.30, 0.10-0.50). This finding is consistent with the intervention (in addition to usual care) having a small favorable effect on knowledge in Australian participants, but no additional benefit (beyond usual care alone) in Taiwanese participants.
Health-related quality of life
The four World Health Organization Quality of Life (WHOQOL)-BREF median (IQR) index scores are presented by group and assessment time-point in Figure 2 , and by country and assessment time-point in Figure 3 . Figure 2 indicated that response distributions across the four domains were consistent between the usual care and intervention groups at baseline. Planned Mann-Whitney U tests similarly did not indicate any significant difference between usual care and intervention groups in any of the WHOQOL-BREF domain indices at baseline (P values ranged from 0.24-0.68). Figure 3 indicated that the distribution of responses from Australian participants may have been slightly higher than responses from Taiwanese participants. Mann-Whitney U tests confirmed that although the magnitude of these differences was small, responses were statistically higher in Australian participants for each of the four domains (P values ranged from < 0.001-0.03). However, perhaps the most notable finding from Figure 3 was that the ranges of responses were wider at the follow-up assessment for Australian participants than the baseline assessment, particularly for the social relationship domain. This pattern was not observed in participants from Taiwan.
The generalized linear models examining the potential interaction effect of country, group, and time were consistent with the aforementioned observations of WHOQOL-BREF domain distributions in Figures 2 and 3 . In particular, small but statistically significant findings were observed for the main effect of country for the psychological (coefficient, 95% CI; P = 2.10, 1.40-2.79; P < 0.001), social (coefficient, 95% CI, P = 1.54, 0.65-2.43; P = 0.001) and environment (coefficient, 95% CI; P = 1.05, 0.57-1.54; P < 0.001) domains. The main effect of country also approached significance for the physical domain (coefficient, 95% CI; P = 0.67, À0.03-1.43; P = 0.09), but this was the only model where there was a significant main effect (albeit small) of time (coefficient, 95% CI; P =0.76, 0.03-1.50; P = 0.04). One notable finding from the generalized linear models examining interactions between country, group, and assessment time-point was a wider distribution of responses in the social domain at the follow-up assessment for Australian participants. This was attributable to higher scores at the follow-up assessment in Australian participants allocated to the intervention group (coefficient, 95% CI; P = 1.98, 0.52-3.44; P < 0.001), whereas the point estimate indicated an opposite (non-significant) point estimate of trend in Australian participants allocated to the usual care group (coefficient, 95% CI; P = À0.86, À2.22-0.50; P = 0.21). The point of reference for interpreting each of these coefficients was the Taiwan control group participants at baseline.
DISCUSSION
The findings were encouraging from the perspective that participants had a tendency to improve between the baseline and follow-up assessment across the spectrum of outcome measures in both the usual care and T-CDSMP intervention groups. However, this study did not provide any compelling evidence of the effect of the T-CDSMP intervention in addition to usual care on the primary outcomes in participants in Taiwan or Australia. This was in contrast to a feasibility study that had indicated a significant gain in self-efficacy levels was possible in Australia where the intervention was developed . However, the favorable effect of the T-CDSMP intervention on the social domain of health-related quality of life among Australian participants was a salient finding.
Although the social quality of life benefits of the telehealth intervention were not surprising, it was a little unexpected that they were observed quite clearly in the Australian sample in comparison with the Taiwanese sample of participants. This may be attributable to cultural differences in the delivery or participant response to some or all of the program components in each country, differences between countries in usual care practices, or potential cultural differences in expectations or experiences related to social interactions among people with diabetes and cardiac diseases. Pre-existing cultural differences at baseline may have been attributable to differences in the participants' prior experiences with health-related interactions when interacting with others or a reflection of broader cultural differences that may have influenced the way in which the patient-reported outcome measures were completed.
Anecdotally, study personnel reported to the investigator team that some of the older participants in Taiwan may not have been as familiar with receiving and sending text messages as participants from the Australian sample. Familiarity with text messaging was not formally assessed as part of this investigation; however, prior reports have indicated high rates of mobile phone ownership and use in both Australia and Taiwan among adults across the lifespan (National Communications Commission, 2015; Australian Bureau of Statistics, 2016a,b). These sentiments are consistent with reports from cardiac rehabilitation programs incorporating communication technologies for promoting self-efficacy (Boroumand & Moeini, 2016) . Perhaps a salient point for consideration arising from this trial is that further qualitative research is required to explore both theoretical and practice facets of the importance of cultural context for people with diabetes and cardiac disease regarding targeted technologybased interventions. The differences between participants from each country observed at the baseline assessments, as well as the nature of changes observed during follow-up assessments, provide a useful primer for further exploratory research to understand cultural nuances in patients' engagement with technology-based supportive care interventions.
Limitations and strengths
There are several notable limitations of this investigation. First, data on different ethnicities or cultural variables in the Australian and Taiwanese samples, whether participants had presented to hospital previously, or the time elapsed since each respective diagnosis were not specifically collected, which may have potentially influenced the self-management behaviors and outcomes. Also examinations of the three-way interaction between country, group allocation, and time identified that country and time but not group allocation seemed to be responsible for variation in the outcomes. Although this was interesting and addressed the aim of the study, more qualitative exploration of the reasons behind potential differences in each of the outcomes measures between Australian and Taiwanese participants might have been a useful addition. On this issue of differences between countries, the randomized block design may be considered a strength as it permitted a rigorous study to be undertaken despite potential between-country baseline differences while also allowing for the aforementioned threeway interaction analyses to be undertaken. Additionally, the study focused on patient-reported outcome measures consistent with the research aims. The study could have been enhanced by the inclusion of robust physiological measures or clinical outcome indicators, for example, readmissions to hospital. However, it is worth acknowledging that the study was not designed (or powered) to detect differences in health service outcomes, which were beyond the scope. Finally, the limitation of only four weeks of follow-up and one hospital in each country are acknowledged because of the available resources. Future studies with at least six months of follow-up to detect the likelihood of behavior changes are planned (Alston et al., 2016) . Future qualitative research is also needed to explore how social factors, for example, the nature of spousal relationships, may influence self-management behaviors in people with diabetes and cardiac disease internationally.
CONCLUSIONS
This study evaluated the short-term efficacy of a cardiacdiabetes self-management program incorporating telephone and text-message follow-ups for patients in Australia and Taiwan. Findings indicated that there was no significant benefit observed in the primary outcomes. Some benefit was observed in the health-related quality of life domain in Australian participants; however, no comparable effect was observed in those from Taiwan. This study also highlights the potential importance of cultural context during the development, evaluation, and potential social quality of life benefits of supportive interventions for people with complex chronic diseases.
